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OBJECf IVE — This study aimed to examine vitamin D status as a determinant for develop- 
ment of type 2 diabetes and deterioration of glucose homeostasis. 

RESEARCH DESIGN AND METHODS A random sample of the general population of 
Copenhagen, Denmark, was taken as part of the Inter99 study. Included were 6,405 men and 
women aged 30-65 years at baseline (1999-2001), with 4,296 participating in the follow-up 
examination 5 years later (2004-2006). Vitamin D was determined at baseline as serum 
25-hydroxyvitamm D [25(OH)D]. Diabetes was defined based on an oral glucose tolerance test 
and a glycosylated hemoglobin (HbA lc ) test. Secondary outcomes included continuous markers of 
glucose homeostasis. 

RESULTS — The risk of incident diabetes associated with a 10 nmol/L increase in 25(OH)D was 
odds ratio (OR) 0.91 (95% CI 0.84-0.97) in crude analyses. The association became statistically 
nonsignificant after adjustment for confounders, with an OR per 10 nmol/L of 0.94 (0.86-1.03). 
Low 25(OH)D status was significantly associated with unfavorable longitudinal changes in con- 
tinuous markers of glucose homeostasis after adjustment for confounders. Fasting and 2-h 
glucose and insulin as well as the degree of insulin resistance increased significantly more during 
follow-up among those with low 25(OH)D levels compared with those with higher levels. 

CONCLUSIONS — Low 25(OH)D status was not significantly associated with incident di- 
abetes after adjustment for confounders. However, it was significantly associated with unfavor- 
able longitudinal changes in continuous markers of glucose homeostasis, indicating that low 
vitamin D status could be related to deterioration of glucose homeostasis. 



Vitamin D is vital to calcium homeo- 
stasis. Deficiency may lead to bone- 
deforming disease in children and 
development of osteoporosis and osteo- 
malacia in adults. In addition, low vita- 
min D status has recently been proposed 
as a risk factor for common chronic dis- 
eases, such as cancer, cardiovascular dis- 
ease (CVD), autoimmune diseases, asthma, 
and allergy (1) . The many roles of vitamin D 
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are supported by the widespread distribu- 
tion of the vitamin D receptor in >36 cell 
types, including pancreatic (3-cells, skeletal 
muscle, and adipose tissue (2). 

For most people, the main source of 
vitamin D is synthesis in the skin after 
exposure to sunlight (1). Consequently, 
during the winter, inhabitants of countries 
at latitudes above 40°N (e.g., Denmark, 
56°N) cannot produce sufficient vitamin D. 



Thus, low vitamin D status is likely to be 
prevalent in Denmark and has been found 
in a general population sample (3). 

Vitamin D deficiency has been linked 
to increased risk of type 2 diabetes, but 
the available epidemiological evidence is 
limited because most studies are cross- 
sectional (4). The few prospective studies 
measure dietary intake of vitamin D, 
which does not account for the large pro- 
portion of vitamin D produced in the 
skin, or they ascertain diabetes by self- 
report or medication registry data, which 
may result in misclassification of undiag- 
nosed individuals and individuals who 
treat their disease with dietary changes 
only (5-1 1). The aim of this study was to 
examine the association between serum 
25-hydroxyvitamin D [25(OH)D] status 
and the risk of incident type 2 diabetes 
and longitudinal changes in markers of glu- 
cose homeostasis in a large prospective 
study of the general population. 

RESEARCH DESIGN 
AND METHODS 

Study population 

We used data from the Inter99 study, a 
population-based randomized controlled 
trial (CT00289237, ClinicalTrials.gov) on 
residents (N = 61,301) in the southern 
part of former Copenhagen County, 
which is investigating the effects of life- 
style intervention (smoking cessation, in- 
creased physical activity, and healthier 
dietary habits) on CVD (12). The study 
population was drawn from the Danish 
Civil Registration System and prerandom- 
ized into four groups: J) high-intensity 
intervention group (n = 11,708 invited), 
2) low-intensity intervention group (n = 
1,308 invited), 3) control group receiving 
questionnaires (n = 5,264 invited), and 4) 
control group followed only in central reg- 
istries (n = 43,021). Subjects in groups 1 
and 2 were invited to participate in a health 
examination in 1999-2001 and included in 
the current observational study. The health 
examination included self-administered 
questionnaires, a physical examination, a 
2-h oral glucose tolerance test (OGTT), 
and various blood tests, as well as a lifestyle 
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consultation with personal health advice. 
Furthermore, participants at high risk 
of ischemic heart disease were included 
for lifestyle intervention (60%). Group 1 
was offered lifestyle counseling in groups 
on smoking cessation and physical activ- 
ity/diet during 6-month periods, and 
group 2 was referred to their general prac- 
titioner (12). 

More specifically, groups 1 and 2 
consisted of an age- and sex-stratified 
random sample of 13,016 men and 
women aged 30-65 years with 12,934 el- 
igible for invitation. The baseline partici- 
pation rate was 52.5% (n = 6,784). 
Participation at baseline was associated 
with obesity, nonsmoking, and fewer ad- 
missions for ischemic heart disease, CVD, 
and diabetes (12). After ~5 years (me- 
dian: 5.5; range: 5.0-6.0) of follow-up, 
all participants were invited in 2004- 
2006 to a reexamination with essentially 
the same questionnaires and examina- 
tions, with 4,513 participating. Nonpar- 
ticipation at follow-up was associated 
with the following baseline characteris- 
tics: female sex, younger age, a less health- 
ful lifestyle, and a less favorable risk factor 
profile, including lower 25(OH)D levels 
and higher diabetes prevalence. Only par- 
ticipants with a northern European origin 
(Denmark, Norway, Sweden, Iceland, 
and Faroe Islands) were included (n = 
6,405 at baseline; n = 4,296 at follow- 
up). Prior informed written consent was 
obtained from all participants. The study 
was approved by the ethical committees 
of Copenhagen (KA 98155) and was in 
accordance with Helsinki Declaration II 
principles. 

Diabetes and markers of glucose 
homeostasis 

Both at baseline and follow-up, all partic- 
ipants without a history of diabetes 
underwent a 2-h standardized 75-g 
OGTT in the morning after an overnight 
fast. Plasma glucose and serum insulin 
were measured at 0, 30, and 120 min. 
Glucose concentrations were analyzed by 
the hexokinase/glucose-6-phosphate dehy- 
drogenase assay (Boehringer, Mannheim, 
Germany). Insulin levels were measured 
by a fluoroimmunoassay technique (Dako 
Diagnostics Ltd., Cambridgeshire, U.K.). 
Diabetes was diagnosed based on OGTT 
results as fasting plasma glucose &7.0 or 
2-h plasma glucose si 1.1 mmol/L (13). 
Hemoglobin A lc (HbA lc ) also was mea- 
sured for all participants for a definition 
of diabetes as HbA lc >6.5% (14). Prevalent 
diabetes at baseline was defined as having 



diabetes according to OGTT criteria, HbA lc 
criteria, a known history of diabetes, and/or 
use of diabetes medication. Incident diabe- 
tes was defined as diabetes at follow-up 
among those without diabetes at baseline 
according to the criteria given above. 

Insulin resistance and pancreatic 
(3-cell function were estimated using 
both the widely used homeostasis model 
assessment (HOMA), which is based on 
fasting glucose and insulin levels only 
(15), and the BIGTT ((3-Cell Function, In- 
sulin Sensitivity, and Glucose Tolerance 
Test) (16), which is based on serum in- 
sulin and plasma glucose for the entire 
OGTT at 0, 30, and 120 min, as well as BMI 
and sex. Thus, HOMA gives estimates of 
basal insulin secretion (HOMA-%B) 
and hepatic insulin resistance (HOMA-IR). 
The BIGTT model, on the other hand, gives 
estimates of the acute glucose-stimulated 
insulin response (BIGTT-AIR) and stimu- 
lated insulin resistance (BIGTT-IR) that re- 
flect both hepatic and muscle insulin 
resistance. 

Vitamin D 

Fasting blood was collected beginning 
with initial examinations in 1999, and 
serum samples were stored at — 20°C un- 
til analysis in 2009. Vitamin D status was 
measured at baseline as serum 25(OH)D 
by high-performance liquid chromatog- 
raphy. The assay was standardized using 
the DEQUAS external standard. Stability 
of 25(OH)D in serum samples under dif- 
ferent conditions has been demonstrated, 
so we assumed our measurements were 
unaffected by storage time (17). The de- 
tection limit was 10 nmol/L, and observa- 
tions below this limit were assigned 10 
nmol/L (n = 74). 25(OH)D was catego- 
rized into <25, >25-50, >50-75, and 
>75 nmol/L. 

Self-administered questionnaire 

For physical activity during leisure time, 
participants scored themselves as mostly 
sedentary, moderate activity, regular ex- 
ercise, or heavy training. Smoking status 
was never, ex-smoker, or current smoker at 
<15 g/day, > 15-25 g/day, or >25 g/day. 
On the basis of responses to qualita- 
tive questions about intake of fruit, vege- 
tables, fish, and saturated fat, a dietary 
quality score was calculated (18). The av- 
erage amount and type of alcoholic bev- 
erages per week during the past 12 
months was used to estimate a total alco- 
hol consumption of 0, 1-7, >7-14, 
> 14-21, or >21 standard drinks (1.5 
cL or 12 g ethanol) per week. Social class 



was defined based on questions regarding 
years of vocational training and employ- 
ment status and was categorized into five 
classes. Family history of diabetes was de- 
fined as having a first-degree relative with 
diabetes. An extensive food frequency 
questionnaire provided information on 
total energy intake and specific nutrients 
(19). No information on supplement use 
was available. Drug information included 
insulin and other diabetes medications. 
Self-reported changes in dietary habits, 
physical activity, smoking status, and alcohol 
consumption were recorded at follow-up. 

Physical examinations 

Height and weight were measured wear- 
ing light clothes and no shoes. BMI was 
calculated as weight divided by height 
squared and categorized as underweight 
(<18.5 kg/m 2 ), normal (> 18.5-25 kg/m 2 ), 
overweight (^25-30 kg/m 2 ), or obese 
(>30 kg/m 2 ). Changes in weight during 
follow-up were calculated by subtraction 
and categorized as increased, unchanged, 
or decreased. 

Statistical analyses 

Data were considered observational. Sta- 
tistics were performed with SAS, version 
9.1 (SAS Institute Inc, Cary, NC). All 
reported P values are two-tailed, and sta- 
tistical significance was defined as P < 
0.05. Crude and adjusted associations 
were evaluated in a series of linear and 
logistic regression models. Effects from 
logistic regression models were reported 
as odds ratios (OR) with 95% CIs. Con- 
tinuous outcome measures were log 
transformed to achieve normal distribu- 
tions. p-Coefficients from linear regression 
models with log-transformed outcomes 
were back transformed and reported as 
percent with 95% CI. To adjust for regres- 
sion to the mean and allow effect esti- 
mates to be interpreted as outcome 
changes from baseline to follow-up, linear 
regression models with outcomes mea- 
sured at follow-up were adjusted for the 
baseline value of the outcome. Continu- 
ous 25(OH)D was tested for linear associ- 
ations by including the squared term of 
25(OH)D in the models. Statistical in- 
teraction effects were evaluated by includ- 
ing a product term between 25(OH)D and 
relevant covariates. F tests and Wald tests 
for single parameters were used to deter- 
mine significance in regression analyses. 
The number of participants included in 
the analyses differed since complete case 
analyses were performed and not all 
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participants had complete information 
on all variables examined. 

RESULTS — The baseline study popula- 
tion was 48.4% (n = 3,099) men and 
51.6% (n = 3,306) women with a mean 
age of 46.3 years (range: 29.7-61.3). The 
median 25(OH)D concentration was 48.0 
nmol/L, and percentiles 2.5-97.5 were 
12.0-118.0 nmol/L. 

25(OH)D levels strongly correlated to 
the season in which blood was collected, 
whereas dietary vitamin D intake showed 
only a weak and nonsignificant associa- 
tion with circulating 25(OH)D (Table 1). 
Furthermore, male sex, current smoking, 
low physical activity, less healthful die- 
tary habits, obesity, low social class, and 
prevalent diabetes were associated with 
lower 25(OH)D concentrations in crude 
analyses (Table 1). No association with 
25(OH)D concentration was observed for 
age, alcohol intake, total energy intake, or 
family history of diabetes. 

The prevalence of diabetes at baseline 
was 10.6% (n = 677). During follow-up, 
3.6% (n = 141) of participants without 
diabetes at baseline developed diabetes. 

Low 25(OH)D status was signifi- 
cantly associated with a higher prevalence 
of diabetes at baseline both in crude ana- 
lyses and after adjustment for confounders 
(Supplementary Table 1). Low 25(OH)D 
status also was significantly associated 
with a higher risk of incident diabetes in 
crude analyses (Table 2). However, the as- 
sociation became statistically nonsignifi- 
cant after adjustment for confounders. No 
statistical significant interaction effects 



were observed (Supplementary Table 2). 
Supplemental analyses of incident diabetes 
defined according to either OGTT or 
HbA lc criteria showed a borderline signifi- 
cant association between 25(OH)D and 
OGTT-based diabetes (OR per 10 nmol/L 
was 0.92 [95% CI 0.84-1.01]; P = 0.080), 
whereas no association was observed with 
HbA lc -based diabetes (Supplementary 
Table 3). Table 3 shows the associations 
between 25(OH)D status and longitudinal 
changes in continuous outcome variables 
adjusted for confounders. The degree of 
insulin resistance as assessed by the 
HOMA-IR and BIGTT-IR indexes in- 
creased significantly more during follow- 
up among those with low 25(OH)D levels 
compared with those with higher levels. In 
addition, low 25(OH)D status was signifi- 
cantly associated with an increase in fasting 
and 2-h glucose as well as in fasting and 2-h 
insulin during follow-up. No association 
was observed with HbA lc or with surro- 
gate measures of pancreatic (3-cell function 
(Table 3). 

conclusions-low 25(oh)d sta- 
tus was not significantly associated with 
incident diabetes after adjustment for 
confounders. However, it was signifi- 
cantly associated with unfavorable longi- 
tudinal changes in continuous markers of 
glucose homeostasis. Our results indicate 
that low vitamin D status could be related 
to deterioration of glucose homeostasis. 
The major strengths of this study include 
its prospective study design, which allowed 
for assessment of temporal relationships, 
and the use of a large random sample of the 



general population of Denmark, a country 
with a high prevalence of low vitamin D 
status. The use of serum 25(OH)D as a 
measure of vitamin D status is an important 
strength because 25(OH)D measures total, 
rather than solely dietary, vitamin D. The 
objective definitions of diabetes by OGTT 
and HbA lc are also important strengths. In 
addition, the availability of detailed infor- 
mation on important covariates reduced 
potential confounding. On the other 
hand, the many covariates, together with 
the relatively low number of incident 
cases, may have diminished the power and 
contributed to the nonsignificant results 
in the fully adjusted models with incident 
diabetes. The major limitation of the study 
is its observational design, which despite 
the detailed covariate information, cannot 
exclude residual confounding. Another 
weakness was the single serum 25(OH)D 
measurement, which did not account for 
individual seasonal variation. This poten- 
tial random misclassification could con- 
tribute to the low power and cause an 
underestimation of the true association 
between 25(OH)D and diabetes risk. 
The offer of intervention may also have 
influenced the results, and again, any 
beneficial effects of the lifestyle interven- 
tion program would cause an underesti- 
mation of the true association. Finally, 
loss to follow-up may have introduced 
bias, and the fact that participants were 
only of northern European origin limits 
the generalization of the results. 

Previous cross-sectional and case- 
control studies find an inverse association 
between serum 25(OH)D and type 2 



Table 1 — Baseline characteristics of the study population by 25(OH)D status 



Participant 



Characteristic 


All (N = 6,405)t 


25(OH)D <50 nmol/L 
(52.2%, n = 3,207) 


25(OH)D >50 nmol/L 
(47.8%, n = 2,939) 


P value $ 


Men 


48.4 (3,099) 


50.5 (1,620) 


47.2 (1,386) 


0.009 


Mainly sedentary physical activity 


20.7 (1,300) 


22.4 (705) 


18.6 (538) 


<0.001 


Less healthful dietary habits 


16.0 (990) 


16.7 (518) 


15.0 (428) 


0.03 


Low social class (class 1+2) 


10.8 (639) 


11.5 (340) 


9.8 (267) 


0.09 


Family history of diabetes 


17.9(1,143) 


18.3 (588) 


17.5 (514) 


0.39 


Blood collection in January to March 


21.7 (1,388) 


29.4 (942) 


13.6 (400) 


<0.001 


Diabetes 


10.6 (677) 


12.3 (394) 


8.6 (253) 


<0.001 


Age (years), mean (SD) 
BMI (kg/m 2 ), mean (SD) 


46.26 (7.91) 


46.37 (7.85) 


46.12 (7.99) 


0.40 


26.31 (4.65) 


26.65 (4.90) 


25.87 (4.17) 


<0.001 


Alcohol (drinks/week), mean (SD) 


10.46 (13.37) 


10.55 (13.62) 


10.44 (13.19) 


0.45 


Total energy intake (kj/day), mean (SD) 


9,764.13 (3,415.10) 


9,780.03 (3,312.44) 


9,765.70 (3,463.01) 


0.59 


Dietary vitamin D intake (|xg/day), mean (SD) 


3.60 (2.42) 


3.58 (2.35) 


3.65 (2.49) 


0.98 



Data are % (n) unless otherwise indicated. tN tota i may differ because of missing values. $P value for differences between 25(OH)D groups below and above 50 nmol/L 
were tested by \ 2 test and Kruskal-Wallis test. 
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Table 2 — Multiple logistic regression analyses of the prospective association between baseline 25(OH)D status and 5-year diabetes incidence 



Risk of incident diabetes, OR (95% CI) 





Diabetes incidence % (n/n t otai)t 


Crude 


Adjusted (1)$ 


Adjusted (2) 


Adjusted (3) 


25(OH)D 

status (nmol/L) 


<25 


4.6 (22/477) 


1.96 (1.02-3.78) 


1.65 (0.83-3.27) 


1.80 (0.83-3.88) 


1.65 (0.75-3.63) 


>25-50 


4.2 (60/1,415) 


1.80 (1.03-3.15) 


1.59 (0.89-2.86) 


1.55 (0.80-3.00) 


1.43 (0.73-2.80) 


>50-75 


2.9 (35/1,201) 


1.22 (0.67-2.22) 


1.20 (0.69-2.22) 


1.40 (0.70-2.77) 


1.25 (0.62-2.52) 




2.4 (16/666) 


1.00 (reference) 


1.00 (reference) 


1.00 (reference) 


1.00 (reference) 


P trend value 




0.008 


0.063 


0.13 


0.18 


Per 10 nmol/L increase 




0.91 (0.84-0.97) 


0.93 (0.86-1.00) 


0.93 (0.86-1.02) 


0.94 (0.86-1.03) 





tlncident diabetes at follow-up was defined as having diabetes according to OGTT criteria, HbA ic criteria, a known history of diabetes, and/or use of diabetes 
medication among those without diabetes at baseline. ^Models were adjusted for (1) season of blood collection, sex, age, family history of diabetes, BMI, and change in 
weight during follow-up; (2) plus leisure time physical activity, dietary habits, alcohol consumption, smoking status, total energy intake, and social class; (3) plus 
randomization group and self-reported changes in dietary habits, physical activity, smoking status, and alcohol consumption during follow-up. 



diabetes as well as markers of adverse 
glucose homeostasis in many, although 
not all, studies (4,20). The major draw- 
back of these studies is the potential for 
reverse causation (i.e., diabetes or its early 
determinants causing low vitamin D sta- 
tus rather than vice versa). Moreover, 
many studies do not adjust for important 
confounders. Previous prospective stud- 
ies are inconsistent. The Nurses' Health 
Study and Women's Health Study both 
reported association of low supplemental 
and dietary vitamin D intake with in- 
creased incident diabetes risk (5,11), 
whereas no association was observed 
in a Japanese cohort (8). However, those 
studies are limited by self-reports of 



dietary vitamin D intake, which do not 
consider the large proportion of vitamin 
D produced in the skin. A prospective 
study based on the Framingham Off- 
spring cohort associates a predicted 25 
(OH)D score with incident type 2 diabe- 
tes (21). However, that study is limited 
because 25(OH)D was not actually mea- 
sured. 

Four studies previously examined the 
prospective association of serum 25(OH)D 
and diabetes incidence (6,7,9,10). One 
used pooled data from two Finnish co- 
horts, the Finnish Mobile Clinic Health Ex- 
amination Survey and the Mini-Finland 
Health Survey, and finds an inverse asso- 
ciation in men, but not in women (6). 



A major limitation of the study is the as- 
certainment of diabetes from registry data 
of patients receiving reimbursements for 
type 2 diabetes medication, resulting in 
misclassification of undiagnosed individ- 
uals or those treated with dietary changes 
only. The second study also used registry 
data and finds a significant inverse associ- 
ation between 25(OH)D and incidence of 
diabetes (9). That study had a relatively 
short follow-up time (average 1.3 years) 
and was restricted to patients with mea- 
sured 25(OH)D. The third study was nes- 
ted within the Nurses' Health Study and, 
thus, restricted to women; it finds that 
higher levels of plasma 25(OH)D were 
associated with lower risk of self-reported 
incident type 2 diabetes (7). In contrast, a 
fourth study restricted to older women 
does not find an association of 25(OH)D 
with self-reported diabetes in a post 
hoc analysis of three nested case -control 
studies within the Women's Health Initia- 
tive Clinical Trials and Observational 
Study (10). 

Finally, in agreement with our results, a 
previous study reports that baseline serum 
25(OH)D was predictive of future contin- 
uous distribution of glycemic status and 
insulin resistance in a nondiabetic popu- 
lation after 10 years of follow-up. That 
study lacked statistical power to examine 
clinical outcomes and was restricted by 
sample size to quantitative traits (22). 

Results from randomized trials of the 
effect of vitamin D supplementation on 
glucose homeostasis are inconsistent, but 
several studies had other primary end points 
and, therefore, were underpowered for our 
outcomes of interest (23-25). In addition, 
many of the studies were performed in pa- 
tients with diabetes. As yet, no randomized 
intervention trials specifically designed to 



Table 3 — Multiple linear regression analyses of association between baseline serum 
25(OH)D and longitudinal changes in continuous markers of glucose homeostasis 
during 5 years of follow-up 



Outcome 


Change in outcome during follow-up 
in % per 10 nmol/L increase in baseline 
25(OH)D, % (95% CI) 


P value 


HbA lc 


-0.04 (-0.09 to 0.02) 


0.18 


BIGTT-IR 


-1.04 (-1.57 to -0.50) 


<0.001 


HOMA-%B 


0.21 (-0.37 to 0.80) 


0.47 


BIGTT-AIR 


-0.27 (-0.19 to -0.72) 


0.25 


Fasting glucose 


-0.20 (-0.41 to -0.19) 


<0.001 


2-h glucose 


-0.80 (-1.14 to -0.46) 


<0.001 


Fasting insulin 


-0.63 (-1.24 to -0.01) 


0.045 


2-h insulin 


-1.66 (-2.56 to -0.75) 


<0.001 



P-Coefficients from linear regression models were back transformed and reported as percent because of log 
transformation of the outcome variables. Regression models with outcomes measured at follow-up were 
adjusted for baseline outcome values to adjust for regression to the mean and to allow effect estimates to be 
interpreted as outcome changes from baseline to follow-up. Regression models were adjusted for sex, age, 
BMI, season of blood collection, leisure time physical activity, dietary habits, alcohol consumption, smoking 
status, total energy intake, social class, family history of diabetes, randomization group, change in weight, and 
self-reported changes in dietary habits, physical activity, smoking status, and alcohol consumption during 
follow-up. Subjects with a known history of diabetes did not undergo an OGTT and, therefore, were not 
included in the analyses. 
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test the effect of vitamin D supplementa- 
tion on incident diabetes in healthy indi- 
viduals have been published. However, 
one study reports no effect of a relatively 
low dose (400 IU) of vitamin D supplemen- 
tation on incident diabetes after 7 years of 
follow-up, in post hoc analysis (24). 

The mechanism by which vitamin D 
deficiency and type 2 diabetes may be 
related is not well understood. Experi- 
mental evidence from animal and in vitro 
studies suggests that vitamin D may pre- 
serve glucose tolerance through effects on 
insulin secretion and sensitivity. These 
effects may be caused by effects on in- 
tracellular calcium, regulation of insulin 
receptor expression in peripheral tissues, 
or increased resilience of (3-cells to the 
systemic inflammation seen in type 2 
diabetes (23). 

In conclusion, low 25(OH)D status 
was not significantly associated with in- 
cident diabetes after adjustment for con- 
founders. However, it was significantly 
associated with unfavorable longitudinal 
changes in continuous markers of glucose 
homeostasis, indicating that low vitamin 
D status could be related to deterioration 
of glucose homeostasis. This study empha- 
sizes the need for randomized intervention 
trials specifically designed to assess 
whether vitamin D supplementation ef- 
fectively decreases the risk of developing 
diabetes in high-risk individuals. 
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